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Phase I of the Lean Premixed-Prevaporized Combustor Design Study 
is a nine month analytical study effort with no experimental or 
testing activitibs included, The objective of this Program is to 
design and analyze advanced combustor concepts with features for 
fuel premixing and prevaporization upstream of the combustion zone 
for use in future subsonic aircraft engines* All of the designs 
also embody some form of variable geometry for combustor flow modu- 
lation. The primary criterion for these designs is low oxides of 
nitrogen (NO ) emissions at stratospheric cruise conditions. The 
specific goaf for these designs is an emissions index for NOx of 
less than or equal to three grams per kilogram at the cruise condi- 
tion. Additional criteria include meeting the ground level EPA 
emissions standards and all combuptor performance requirements typi- 
cal of advanced turbofan engines plus practicality-of implementation, 
In this study, four combustor concgpts are being designed for t$e 
NASA/GE Energy Efficient Engine (E5) envelope and cycle. The Ed has 
a cycle pressure ratio of approximately thirty to one and a combustor 
exit temperature in excess of l600K at sea level takeoff conditions. 
Table I shows combustor parameters at variovs operating conditions 
for the E ~ .  The combustor designs evolved are to be applicable to 
other high pressure ratio subsonic aircraft engines and one of the 
designs will also be designed and sized for the CF6 engine cycle and 
envelope. 
Current status of the program is that the four concepts sized for the 
E~ have been designed and are currently undergoing analysis and 
evaluation. 
The four concepts are illustrated in Figures 2 thru 5. Table I1 pre- 
sents design parameters. Concept 1 (Figure 2) features premixing- 
prevaporizing tubes with variable area primary swirlers. At cruise 
conditions approximately 53% of the combustor air flow is admitted 
through the swirlers so that the primary zone fuel air ratios are lean 
for low emissions of oxides of nitrogen. The equivalence ratio is 
approximately 0-55 at the exit of the secondary swirler. The combus- 
tor pressure drop at high power conditions is five percent. In order 
to obtain good low power combustion performance including low idle 
emissions, the primary swirler flow areas are reduced to admit ap- 
proximately fifteen percent of the air flow. The equivalence ratio 
at the swirler exit was set at a little over 1.0 for idle. After ad- 
dition of primary zone dilution and cooling air, the equivalence ratio 
is approximately 0.6 for good 60 consumption. At idle conditions the 
combustor pressure drop is approximately 10 percent (versus 5 at hi 
power)because of the reduced dome flow. It has been shown in other 
experimental programs that idle emissions can be improved considerably 
by minimizing build up of film cooling air in the primary zone, There- 
fore, impingement cooling of the entire primary zone including the dome 
has been used to minimize the quantity of cooling required, Also the 
dome cooling air has been admitted in a manner to promote mixing with 
the primary zone gases as shown in Figure 6 ,  
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Two potential problem areas'with this concept are high pressure drop 
at Pow power conditions and the possibility of flash back or auto- 
ignition in the premix tubes. Cycle studies have indicated that at 
steady state conditions (i,e, idle) there is adequate compressor stall 
nasgin for the selected pressure drop, During transient conditions 
(I.e. acceleration from idle) where stall margin is diminished by 
increased combustor temperature risepit is anticipated that the pri- 
mary swirPer flows would be increased to counterbalance this effect. 
The premix duct residence times are set to avoid autoignition time 
and discontinuities are avoided to the ma, extent possible, At high 
power conditions the residence time in the duct is l.4mse This is 
believed to provide approximately a two to one safety margin for auto- 
igniti~n assuming reasonably uniform flow and no discontinuities. 
Some features of this design are (I) only one stage of fuel injectors 
is employed, and (2) primary swirlers are continuously modulating for 
setting optimum local operating conditions at all times including 
transient operat ion, 
Concept 2 shown in Figure 3 features a multiple annular duct main 
stage with variable inlet vanes and conventional swirlers in the pilot 
stage, At cruise conditions, the duct inlet vanes are full open for 
lean, low NO, operation. The main stage has low pressure drop injec- 
tors for introduction sf fuel into the annular passages. Each of the 
injectors spray fuel into both the upper and lower passages and from 
both sides of the injector. Uniform fuel distribution at the entrance 
to the dome is the main objective. The flow from the main stage enters 
the dome region through ports located between the pilot stage swirlers 
The main stage air stream is injected into the dome at an angle to the 
axial centerline and in a direction opposite to that of the pilot 
swirlers for good mixing, The dome is illustrated in Figure 7. At 
low power conditions, the primary zone air flow is reduced by closing 
the inlet vanes and all of the fuel is introduced through conventiona- 
pressure atomizing nozzles and fixed area swirlers. 
Of prime importance in the design of this concept is achieving unifor~ 
fuel distribution in the main stage, A feature of this design is that 
the main stage may be operated at ultra lean fuel air ratios, because 
of the excellent piloting of the primary stage with the arrangement 
selected. 
At idle, the inlet vanes will be closed so that the pressure drop will 
be 10 percent.During tsansients,.the vanes may be modulated for re- 
duced pressure drop, however, main stage fuel is not admitted until 
the vanes are opened. The high power gressure drop is five percent, 
Concept 3 (Figure 4) is a series staged system with a fluidic flow 
control diffuser. This fluidic diffuser achieves variable flow split 
without the need for moveable geometry in the combustion cavity. A t  
cruise conditions, a large portion of the flow is directed into the 
main stage for lean, low NO, operation. The main stage is fueled wit: 
low pressure drop injectors and has a series of "VW shaped flame hold- 
which permit flow of pilot zone gases to intermingle and mix with the 
main stage flow. Continuous ignition of the main stage is thereby 
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provided by the pilot stage, The pilot has conventional pressure 
atomizing injectors and fixed area counterrotating swirlers, This 
concept has the advantage that the pressure loss coefficient is 
comparable at a11 operating conditions.. Fuel would not be admitted 
to the main stage until the flow is completely switched to the mode 
with high mainstage flow. 
Concept 4 shown in Figure 5 is a parallel staged system with variable 
geometry and premixing. This system draws heavily from experience 
gained in the NASA/GE Experimental Clean Combustor Program, but has 
the advantage of variable geometry to meet the emission requirements 
over the required operating range. The main stage employs variable 
jnlet vanes, sixty low pressure main stage injectors and a perforated 
plate main stage flame holder. Because the main stage operates only 
at high power conditions the perforated plate type flame holder has 
adequate stability, Further the low power stability of the main stage 
is extended by the piloting action of the pilot stage, 
The pilot stage configuration and operation is similar to that of con- 
cepts 2 and 3. This configuration has the potential for the use of 
catalysts in .the main stage flame holder, 
These four designs have been established and are currently undergoing 
detailed analysis and performance prediction including both steady 
state and transient operation. The four designs will then be compared 
in detail for the purpose of ranking the designs and selecting the 
configuration that has the greatest potential for actual application. 
The selected design will also be designed for the CF6 cycle and en- 
velope to demonstrate translation of the design concept to another 
engine, 
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